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(54) Multiple wavelength optical multiplexing device, multiple wavelength light source 
incorporating aforementioned device, and optical amplifier 



(57) The present invention provides a multiple 
wavelength excitation light source characterized in the 
provision of an optical multiplexing element that has a 
plurality of input terminals connected to lasers and func- 
tions to multiplex a plurality of lights that have different 



characteristics; and a reflecting element inserted near 
the output side of the output terminal of the optical mul- 
tiplexing element, and functioning to reflect the light mul- 
tiplexed at the optical multiplexing element at a low re- 
flection coefficient. Accordingly, it becomes possible to 
provide high output excitation light in a stable manner 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical am- 
plifier employed in optical fiber communications, optical 
measurements, or laser processing, and to the excita- 
tion light source for the laser thereof , the present inven- 
tion providing a means for obtaining a higher output 
product. 

2. Description of the Related Art 

[0002] Figure 1 0A is a schematic structural diagram 
showing an example of a conventional long distance op- 
tical fiber communications system. As shown in this fig- 
ure, in this conventional communications system, it is 
necessary to perform regenerative repetition every sev- 
eral tens km along optical fiber 3 joining transmitter 1 
and receiver 2, in which an optical/electrical conversion, 
and then an electrical/optical conversion, are performed 
on the optical signal by regenerative repeaters 4,4. 
[0003] Figure 1 0B shows an example of the structure 
of this regenerative repeater 4. The optical signal from 
cotical fiber 3 on the transmitter 1 side undergoes opti- 
cal/electrical conversation by passing through light de- 
tector 5, waveform shaping circuit 6, laser driver 7 and 
laser 8. The signal then undergoes electrical/optical 
conversion, and is sent to optical fiber 3 on the receiver 
2 side. 

[0004] Due to progress in optical technology, it has 
become possible to obtain a high output laser inexpen- 
sively in recent years. Thus, as shown in Figure 11 A, an 
optical amplifier 10 is inserted along optical fiber 3, in 
between transmitter 1 and receiver 2, to realize a long 
distance optical fiber communications system in which 
the light signal is directly amplified by optical amplifier 
10. 

[0005] Figure 1 1 B shows an example of the structure 
of optical amplifier 10. In optical amplifier 10, a rare- 
earth doped optical fiber 11 is the active media in which 
the amplification is actually carried out. The optical sig- 
nal is amplified by inputting excitation light from laser 14 
(excitation light source) to rare-earth doped optical fiber 
1 1 , via an optical fiber 1 3 which is connected to optical 
multiplexing element 12 provided at the front of rare- 
earth doped optical fiber 11 . This amplified optical signal 
is then output from rare-earth doped optical fiber 11. 
[0006] Isolator 15, which is toward the rear of rare- 
earth doped optical fiber 11 , is provided to stabilize the 
operation of laser 14 by preventing feedback light. 
[0007] By realizing an optical amplifier in this way, the 
attenuated optical signal is directly amplified, so that 
transmission without regenerative repetition is possible, 
even in the case of transmission over several thousand 
kilometers. 



[0008] In current optical fiber communications, a 1.5 
jam band amplifying erbium doped optical fiber known 
for its high efficiency is primarily used for rare-earth 
doped optical fiber 11. 

5 [0009] The absorption spectrum of the rare-earth el- 
ement for forming rare-earth doped optical fiber 11 wiil 
differ depending on the type of rare-earth element em- 
ployed. For example, as shown in Figure 12, an erbium 
doped optical fiber has absorption spectrums of a com- 

10 paratively broad wavelength width near 980 nm and 
1480 nm. Thus, in a 1.5 um band amplifying erbium 
doped optical fiber amplifier (denoted as "EDFA" here- 
inafter), a 1.5 um band optical signal typically can be 
amplified using excitation light near 0.98 um or 1 .48 urn 

;5 [0010] Typically, a semiconductor laser is employed 
as a laser 14 for oscillating the excitation light. Of these, 
a Fabry-Perot semiconductor laser (referred to as a 
•Fabry-Perot laser', hereinafter) is mainly used in which 
power can be obtained relatively inexpensively. 

20 [0011] On the other hand, a wavelength multiplex 
mode optical fiber communications system has been re- 
alized for multiplex transmission of signal lights having 
a plurality of wavelengths. Thus, it has become possible 
to further increase the amount of information which can 

25 be transmitted by one optical fiber. 

[0012] When carrying out wavelength multiplex com- 
munications in the optical communications system 
shown in Figure 11 A, the output required of optical fiber 
amplifier 10 is greater than in the case where transmit- 

30 ting a single wavelength. For this reason, the power of 
the excitation light supplied from laser 14 is also re- 
quired to be greater. 

[0013] As a method for increasing the total power of 
the excitation light, a method may be considered in 
3S which the output of the laser is increased, for example. 
There is a limit to this approach, however, since the out- 
put of a typical laser is limited. As a result, sufficient ef- 
fects cannot be obtained. 

[0014] Thus, the following method may be consid- 
40 ered. 

[0015] Namely, a plurality of lasers is prepared. These 
lasers oscillate light in a wavelength band capable of 
exciting the rare-earth element in the rare-earth doped 
optical fiber, and have oscillation wavelengths which dif- 
45 - fer slightly from one another. The lights output from 
these lasers are multiplexed, and this multiplexed light 
is used as the excitation light. 

[0016] For example, as shown in Fig. 12, the wave- 
length width in the excitation wavelength band around 

so 1 .48 jam in an EDFA is on the order of 1 .45— 1 .49 urn, 
and the excitation wavelength width around 0.98 urn is 
on the order of several nm. These excitation wavelength 
widths are comparatively broad. Thus, when a plural 
lights having different wavelengths respectively within 

55 this wavelength band are multiplexed, the total of the 
various powers of the light becomes the power of the 
excitation light. 

[0017] In other words, when n lasers are prepared, it 
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is theoretically possible to obtain n-fold greater power 
as compared to the case where employing just one laser 
(assuming no toss when multiplexing, etc.). 
[0018] However, as shown in Figure 13, numerous 
vertical modes are present in the oscillation wave- 
lengths of the Fabry-Perot laser that is typically used as 
laser 14. These oscillation wavelengths have a broad 
wavelength width on the order of 1 5—20 nm. In general, 
multiplexing a plurality of lights having this type of broad 
wavelength width is difficult. However, polarized waves 
are present in the light output from a Fabry-Perot laser. 
For this reason, a method is performed for obtaining ex- 
citation light of a two-fold greater power by multiplexing 
two polarized waves that are perpendicular to one an- 
other. In theory, however, in this method as well, it is not 
possible to obtain excitation light having a power in ex- 
cess of two-fold greater than normal. 
[0019] Moreover when lights having too broad oscil- 
lation wavelength widths are multiplexed, the width of 
the wavelength band of the multiplexed light is crowded 
out of the excitation wavelength band, decreasing effi- 
cacy as excitation light. 

[0020] Accordingly, the following method may be con- 
sidered. 

[0021] First, as shown in Figure 14A, a reflecting ele- 
ment 20b (external resonator) for reflecting light in a 
specific narrow wavelength band at a low reflection co- 
efficient is attached to the rear of Fabry-Perot laser 20a. 
[0022] The combination of Fabry-Perot laser 20a and 
reflecting element 20b is formed to have a structure 
identical to the so-called Distributed Bragg Reflector la- 
ser (DBR laser), in which one of the reflecting surfaces 
of a Fabry-Perot laser is substituted with a DBR (distrib- 
uted Bragg reflector) . In other words, a laser oscillating 
element 20 is formed which oscillates only light in the 
wavelength band that is selectively reflected by reflect- 
ing element 20b. 

[0023] As a result, the light obtained via reflecting el- 
ement 20b is rendered into a narrow spectrum as shown 
in Figure 14B. 

[0024] Figure 1 5A shows an example of a light source 
for multiple wavelength excitation in wavelength multi- 
plex mode employing a laser oscillating element con- 
sisting of this type of Fabry-Perot laser and reflecting 
element, and shows the design of an optical amplifier 
incorporating the aforementioned light source. Figure 
15A is a schematic structural diagram showing an ex- 
ample in which this optical amplifier is employed In an 
optical communications system using a wavelength 
multiplex transmission mode. 

[002S] Namely, n laser oscillating elements as de- 
scribed above are prepared. 

[0026] In the figure, the numeral 21 is a laser oscillat- 
ing element for oscillating light in a narrow band region 
centered on wavelength X 1 . Laser oscillating element 
21 Is composed of Fabry-Perot laser 21a and reflecting 
element 21b. Similarly, laser oscillating element 22 for 
oscillating light centered on wavelength X2 is composed 



of Fabry-Perot laser 22a and reflecting element 22b 
The nth laser oscillating element 23 consists of Fabry- 
Perot laser 23a and reflecting element 23b, and oscil- 
lates light centered on wavelength Xn. 

5 [0027] The oscillation wavelengths A.1, \2, ... \n of 
these laser oscillating elements 21, 22. .23 are set so 
as to differ at suitable wavelength intervals. 
[0028] When employing an erbium doped optical fiber 
as rare-earth doped optical fiber 11. a plurality of laser 

10 oscillating elements are prepared having oscillation 
wavelengths which differ at specific intervals in the 980 
nm and 1480 nm excitation wavelength bands, to form 
an optical amplifier as shown in Figure 1 5A. 
[0029] In this multiple wavelength excitation light 

75 source, the lights oscillated from these laser oscillating 
elements 21 , 22.. .23 are input respectively to the input 
terminals 24a, 24b . . . 24c of optical multiplexing element 
24, multiplexed at multiplexing element 24, and then 
output from output terminal 24d. In this multiplexed light, 

20 as shown in Figure 15B, a wavelength spectrum is ob- 
tained in which a plurality of peaks XI, X2, ... Xn are 
aligned. The peaks X1, X2, ... Xn have narrow wave- 
length widths respectively. The power of this multiplexed 
light Is the sum of the respective powers of these«peaks. 

25 [00301 This multiplexed, light is input to rare-earth 
doped fiber 11 via optical multiplexing element 12. As a 
result, the optical signal of XV, X2\ ... Xn* which was 
propagated through transmission optical fiber 3 employ- 
ing a wavelength multiplexing mode and input to rare- 

30 earth doped optical fiber 1 1 is amplified due to the exci- 
tation effect of this multiplexed light. 
[0031] However, the following problems are present 
in the method shown in Figure 15Afor multiplexing light 
having a plurality of different wavelengths. # 

35 [0032] The first problem is that a high wavelength ac- 
curacy is required of reflecting elements 21b,22b...23b. 
[0033] This is because the oscillation wavelength 
must be made to strictly correspond to each laser oscil- 
lating element 21 ,22,. . 23. Further, when the wave- 

40 length accuracy of reflecting element 21 b is low, the os- 
cillation wavelength is not stabilized, so that multiplexed 
tight having a targe power cannot be obtained. 
[0034] For example, when using a 980 nm band as 
the excitation wavelength band when forming an EDFA, 

45 a plurality of reflecting elements 21b, ...23b having the 
reflecting wavelength characteristics 977nm, 978.5nm, 
980nm, and 981 .5nm, respectively, are prepared, and 
the oscillation wavelengths of respective laser oscillat- 
ing elements 21 "....23 must be matched In other words, 

so since the oscillation wavelengths of the plurality of laser 
oscillating elements 21, ..23 are adjacent, considerably 
high accuracy is required of reflecting elements 21b,... 
23b. 

[003S] In addition to the first problem, there is a sec- 
ss ond problem in that the oscillation wavelengths of laser 
oscillating elements 21 ....23 must match the transmis- 
sion wavelength characteristics of optical multiplexing 
element 24 in which these oscillation wavelengths are 
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multiplexed. 

[0036] If they do not match, then the lights oscillated 
from laser oscillating elements 21, ...23 are damped at 
optical multiplexing element 24, and are not transmitted 
to the output side of optical multiplexing element 24 with 
high efficiency. 

[0037] Moreover this phenomenon is a relative one. 
Even if the above-described first problem is resolved 
and the respective oscillation wavelengths from laser 
oscillating elements 21 ,...23 are stable, if the transmis- 
sion wavelength of optical multiplexing element 24 var- 
ies, then the light is damped at optical multiplexing ele- 
ment 24, and the power of the multiplexed light changes 
greatly. 

[0038] However, the transmission wavelength char- 
acteristics ot optical multiplexing element 24 are highly 
dependent on temperature. 

[0039] For example, optical multiplexing element 24 
is assumed to have a temperature dependence of 0.01 3 
nm/°C. In the case where temperature compensation is 
not carried out for optical multiplexing element 24, when 
the employed temperature environment changes 50°C 
in the temperature range, then the transmission wave- 
length parallel shifts by just 0.65 nm on the wavelength 
axis. In this case, the transmission wavelength of optical 
multiplexing element 24 is at cross purposes with the 
oscillation wavelength of laser oscillating elements 21 .... 
23, and the transmission loss at optical multiplexing el- 
ement 24 increases sharply. Accordingly, strict temper- 
ature compensation for optical multiplexing element 24 
has been required. 

[0040] On the other hand, when temperature control 
is not carried out for the oscillation wavelength of Fabry- 
Perot lasers 21a,.. 23a, it is known that when, for exam- 
ple, the temperature changes trom0°C to 40 9 C, the cen- 
tral wavelength changes by 10nmormore. Accordingly, 
strict temperature compensation for Fabry-Perot lasers 
21 a,. ..23a is required in order to make the reflected 
wavelength from reflecting elements 21 b,...,23b and the 
transmitted wavelength from optical multiplexing ele- 
ment 24 match the oscillation wavelength of Fabry-Per- 
ot lasers 21a,. ..23a. 

[0041] This type of high output is demanded not only 
in the optical communications field, but also in optical 
amplifiers and their laser excitation light sources which 
are used in optical measurements, laser processing and 
the like. 

SUMMARY OF THE INVENTION 

[0042] The present invention relates to a multiple 
wavelength excitation optical multiplexing device capa- 
ble of outputting high output excitation light, a light 
source incorporating this device, and an optical amplifier 
incorporating this device, and is directed to the provision 
of a device in which the characteristics do not readily 
change in response to temperature variations. 
[0043] In addition, the present invention is also direct- 
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ed to the provision of a device in which the structural 
parts are not required to have as high a wavelength ac- 
curacy as demanded in the conventional art. 
[0044] It is also the present invention's objective to 

5 provide a multiple wavelength excitation optical multi- 
plexing device, a light source incorporating this device, 
and an optical amplifier incorporating this device which 
are capable ot reducing temperature control for the 
structural parts. 

10 [0045] The following means of resolution are provided 
in the present invention, 

[0046] Namely, a multiple wavelength excitation opti- 
cal multiplexing device is formed characterized in the 
provision of an optical multiplexing element that has a 

'5 plurality of input terminals connected to lasers and func- 
tions to multiplex a plurality of lights that have different 
characteristics; and a reflecting element inserted near 
the output side of the output terminal of the optical mul- 
tiplexing element, and functioning to reflect the light mul- 

20 tiplexed at the optical multiplexing element at a low re- 
flection coefficient. 

[0047] In addition, a multiple wavelength excitation 
light source is formed characterized in that respective 
lasers are connected to the input terminals of the optical 
2S multiplexing elements in this multiple wavelength exci- 
tation optical multiplexing device. In addition, an optical 
amplifier is formed by incorporating this multiple wave- 
length excitation light source. 

[0048] The following effects can be obtained in the 
30 present invention's multiple wavelength excitation opti- 
cal multiplexing device and multiple wavelength excita- 
tion light source. 

[0049] Namely, the respective oscillation wave- 
lengths of the lasers are determined by the optical mul- 

35 tiplexing element. Therefore, even if the transmission 
characteristics of the optical multiplexing element vary 
due to temperature changes, the oscillation wavelength 
of the laser varies in concert with this change. As a re- 
sult, the power of the multiplexed light obtained via the 

40 optical multiplexing element does not readily change 
due to temperature variations, so that it becomes pos- 
sible to provide a stable high output excitation light. 
[0050] Accordingly, temperature control of the optical 
multiplexing element can be relaxed, and structural el- 

45 ements such as the reflecting elements, etc., are not re- 
quired to have as high a wavelength accuracy. Moreo- 
ver, there are a fewer number of parts as compared to 
the conventional design in which one reflecting element 
was employed per laser. Thus, it is possible to reduce 

so loss and part costs, so that the present invention is eco- 
nomical. 

[0051] Further, by incorporating the present inven- 
tion's multiple wavelength excitation light source in an 
optical amplifier, it is possible to obtain a high output op- 
ss tical amplifier suitable for use in a wavelength multiplex 
transmission mode optical communications system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] Figure 1 A is a schematic diagram showing an 
embodiment of the present invention's multiple wave- 
length excitation optical multiplexing device and a mul- 
tiple wavelength excitation light source incorporating 
this device. Figure 1 B is a graph showing the wave- 
length spectrum obtained in this multiple wavelength ex- 
citation light source. 

[0OS3] Figure 2 is an explanatory diagram showing an 
arrayed waveguide grating optical multiplexing circuit as 
an example of an optical multiplexing element. 
[0054] Figure 3 is a graph showing the wavelength- 
loss characteristics of the AWG used in the example 
shown in Figure 1A. 

[0055] Figure 4 is a perspective view showing a mul- 
tilayer interference filter consisting of a dielectric multi- 
layer employed in the example shown in Figure 1 A. 
[0056] Figure 5A is a schematic structural diagram 
showing the basic form of the Mach-Zehnder optical fil- 
ter. Figure 5B is a graph showing the wave length -cou- 
pling characteristics obtained in this basic form. 
[0057] Figure 6A is a schematic structural view show- 
ing the optical multiplexing element incorporating the 
basic form shown in Figure 5A. Figure 6B is a graph 
showing the wavelength spectrum obtained in this opti- 
cal multiplexing element. 

[0058] Figure 7 is an explanatory diagram showing an 
example of the method for manufacturing a fiber grating 
to form a periodical changes in the core's index of re- 
fraction. 

[0059] Figure 8 is a schematic structural diagram 
showing another example of the present invention's 
multiple wavelength excitation optical multiplexing de- 
vice and the multiple wavelength excitation light source 
employing this device. 

[0060] Figure 9 is a schematic structural diagram 
showing an example of the device structure for output- 
ting light of a plurality of wavelengths using a polariza- 
tion-preserving optical coupler in the present invention's 
multipie wavelength excitation optical multiplexing de- 
vice and the multiple wavelength excitation light source 
employing this device. 

[0061] Figure 10A is a schematic structural diagram 
showing an example of a conventional long distance op- 
tical fiber communications system. Figure 10B is a sche- 
matic structural diagram showing an example of the 
structure of the regenerative repeater employed In Fig- 
ure 10A. 

[0062] Figure 11 A is a schematic structural diagram 
showing an example of the long distance optical fiber 
communications system employing an optical amplifier. 
Figure 11 B is a schematic structural diagram showing 
an example of an optical amplifier. 
[0063] Figure 12 is a graph showing an example of 
the absorption spectrum of a 1.5 nm band amplifying 
erbium doped optical fiber. 

[0064] Figure 1 3 is a graph showing the oscillation 



wavelength of the output of a Fabry-Perot laser. 
[0065] Figure 14A is a schematic structural diagram 
showing a laser oscillating element consisting of a Fab- 
ry-Perot laser and a reflecting element. Figure 14B is a 

5 graph showing the wavelength spectrum of the light ob- 
tained in this laser oscillating element. 
[0066] Figure 15A is a schematic structural diagram 
of one example of a wavelength multiplex mode multiple 
wavelength excitation light source employing the laser 

10 oscillating element shown in Figure 14A and an optical 
amplifier incorporating this source. Figure 15B is a 
graph showing the wavelength spectrum of the excita- 
tion light obtained in this multiple wavelength excitation 
light source. 

75 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0067] Figure 1A shows the present invention's mul- 
20 tiple wavelength excitation optical multiplexing device 
and an embodiment of a multiple wavelength excitation 
light source.(laser oscillating element) incorporating this 
device. The structural elements which are identical to 
those shown in Figures 15A and 15B have^been as- 
2S signed the same numerical symbol and an explanation 
thereof will be omitted. 

[0068] Namely, a multiple wavelength excitation opti- 
cal multiplexing device consists of optical multiplexing 
element 24 and reflecting element 30 which is inserted 
30 along optical fiber 3 which is connected to output termi- 
nal 24d. 

[0069] The multiple wavelength excitation light source 
consists of this multiple wavelength excitation optical 
multiplexing device and n Fabry-Perot lasers 21a, 
35 22b... .23b, which are connected respectively 4o input 

terminals 24a, 24b 24c of n array waveguides 26 of 

this optical multiplexing element 24, via optical fibers 
(pig-tail) 3. 

[0070] Reflecting element 30 may be provided near 
40 the output side of output terminal 24d of optical multi- 
plexing element 24 in this multiple wavelength excitation 
optical multiplexing device. The distance between opti- 
cal multiplexing element 24 and reflecting element 30 
are not particularly restricted. For example, the distance 
45 between output terminal 24d and reflecting element 30 
is preferably about 3 m or less. 

[0071] In this example, Fabry-Perot lasers 21a, 
22a, ...23a are employed as the light source. However, 
the light source is not limited to a Fabry-Perot laser, pro- 

so vided that the light source is a multiple mode laser with 
vertical modes, and is a semiconductor laser which can 
oscillate light in the desired excitation wavelength band. 
[0072] The Fabry-Perot lasers 21 a,. ...23a employed 
in this example have an oscillation wavelength corre- 

ss sponding to the 1460*- 1490 nm band, which is the ex- 
citation wavelength band of the EDFA. 
[0073] As one example of optical multiplexing ele- 
ment 24, Figure 2 shows a multiplexing element referred 
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to as an Arrayed Waveguide Grating (AWG) type optical 
multiplexing circuit. 

[0074] In this AWG, a plurality of approximately U- 
shaped array waveguides 26,26... are provided roughly 
in parallel on substrate 25. The waveguide difference 
(difference in length of the light paths) between adjacent 
array waveguides 26 is set to be AL. 
[0075] Slab waveguides 27a,27b are provided to the 
input and output sides of these arrayed waveguides 26. 
for interfering with the lights being guided through the 
plurality of array waveguides 26. One waveguide 28 is 
provided further to the rear of the slab waveguide 27b 
on the output side. 

[0076] Namely, in this AWG, the ends on the input side 
of array waveguide 26 form the plurality of input termi- 
nals 24a.24b.24c..., while the end on the output side of 
waveguide 28 is output terminal 24d. 
[0077] At slab waveguide 27a on the input side, lights 
of wavelength X1, X2... Xn which are input to respective 
array waveguides 26 from input terminals 24a,24b... are 
distributed to array waveguides 26 which are to the rear 
of slab waveguide 27a. A waveguide difference is gen- 
erated while passing through these array waveguides 
26. with the lights interfering and multiplexing at slab 
waveguide 27b on the output side, passing through 
waveguide 28 and being output from output terminal 
24d. 

[0078] A silicon substrate or the like may be employed 
as substrate 25. This AWG may be formed, for example, 
by providing a quartz thin film onto the silicon substrate, 
and doping germanium into this quartz thin film layer fol- 
lowing the waveguide pattern. 

[0079] Because it has high resolution spectral char- 
acteristics, an AWG is suitably employed in wavelength 
multiplex modes. 

[0080] The AWG in this example has the wavelength- 
loss characteristics shown in Figure 3. Namely, lights 
having specific narrow wavelength bands are transmit- 
ted in respective array waveguides 26. In the 
1460-1490 nm excitation wavelength band, the wave- 
lengths X1 , X2. Xn of the transmitted lights in these array 
waveguides 26 differ at each specific interval. Specifi- 
cally, in this example, each wavelength interval is set to 
be approximately 1 .6 nm centered about 1470 nm. 
[0081] Reflecting element 30 reflects light in the afore- 
mentioned excitation wavelength band at a compara- 
tively low reflection coefficient. 
[0082] The reflection coefficient of reflecting element 

30 should be set in accordance with the characteristics 
of the laser (Fabry-Perot laser 21a 23a). For exam- 
ple, in the case of a Fabry-Perot laser for oscillating light 
in the 980 nm and 1 480 nm wavelength regions that are 
employed in the excitation of a EDFA having the struc- 
ture as shown in Figure 11 B, a suitable solution can be 
obtained when the reflection coefficient is set to about 
2-10%. 

[0083] In this example, a multilayer interference filter 

31 consisting of the dielectric multilayer shown in Figure 
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4 is employed as reflector 30. With this multilayer inter- 
ference filter 31 , a reflection coefficient of about 5% can 
be obtained at around 1460-1480 nm. 
[0084] An explanation now follows focusing on one of 
s the array waveguides 26 in optical multiplexing element 
(AWG) 24, and one of the Fabry-Perot lasers that is con- 
nected to the input terminal 24a thereof. This array 
waveguide 26 is designed so that only light of a narrow 
band centered on wavelength X1 is transmitted. 
10 [0085] When light of a broad wavelength width is in- 
cidented on one of array waveguides 26 from Fabry- 
Perot laser 21 a, only light of wavelength X1 which is dis- 
tributed to this array waveguide 26 progresses toward 
reflecting element 30 and is output. Light of the specific 
is wavelength X1 is reflected at a relatively low reflection 
coefficient at reflecting element 30. 
[0086] The same wavelength is selected for the light 
transmitted through array waveguide 26 in the case 
where the light is being transmitted from the input side 
20 to the output side, and in the case where the light is be- 
ing transmitted from the output side to the input side. 
Thus, reflecting light incidents on optical multiplexing el- 
ement 24 from output terminal 24d, is transmitted 
through the same array waveguide 26, and reaches 
25 Fabry-Perot laser 21a. 

[0087] Light corresponding to wavelength X1 of this 
reflected light is oscillated from Fabry-Perot laser 21 a. 
[0088] The wavelength transmitted through array 
waveguide 26 at this multiple wavelength excitation light 
30 source becomes the wavelength (oscillation wave- 
length) of the light oscillated from Fabry-Perot laser 21 a. 
[0089] This effect Is the same at second Fabry-Perot 
laser 22a,... nth Fabry-Perot laser 23a, respectively. The 
oscillation wavelength of Fabry-Perot lasers 22a... .23a 
35 are set according to wavelength X2,...Xn which are 
transmitted through array waveguides 26 to which these 
Fabry-Perot lasers 22a,..., 23a are connected. 
[0090] For this reason, after the lights oscillated from 
Fabry-Perot lasers 21a.22a,...23a. respectively, are 
40 multiplexed at optical multiplexing element 24, then a 
wavelength spectrum such as shown in Figure 1 B is ob- 
tained in which a plurality of narrow band X 1, X2,.. Xn 
peaks are aligned at specific intervals. Namely, the 
wavelength spectrums of the lights outputted from each 
45 Fabry-Perot lasers 21a. 22a, .... 23a correspond to 
these narrow band X1, X 2,... Xn peaks, respectively. 
[0091] In this way, the oscillation wavelengths for Fab- 
ry-Perot lasers 21a, 22a,. ..23a are determined accord- 
ing to the selected wavelength characteristics (trans- 
50 mission characteristics) of array waveguides 26 of opti- 
cal multiplexing element 24 in this multiple wavelength 
excitation light source. 

[0092] For this reason, even if the transmission wave- 
lengths of the plurality of array waveguides 26 parallel 
ss shift on the wavelength axis by just the same wave- 
length width due to environmental temperature changes 
for example, the oscillation wavelengths of Fabry-Perot 
lasers 21 a,. ..23a will be set based on these shifted 
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transmission wavelengths. In other words, the oscilla- 
tion wavelengths of Fabry-Perot lasers 21a, 22a,. ..23a 
change in response to changes in the characteristics of 
optical multiplexing element 24. Accordingly, in the mul- 
tiple wavelength excitation light source in this example, 
the resonator as seen from individual Fabry-Perot lasers 
21a,. ..23a is reflecting element 30 which is connected 
to the output side of AWG. 

[0093] As a result, even if the characteristics of optical 
multiplexing element 24 change due to temperature 
changes, the losses in the lights oscillated from Fabry- 
Perot lasers 21a, ...23a at optical multiplexing element 
24 do not readily increase. In other words, the power of 
the multiplexed light does not readily change due to tem- 
perature changes. 

[0094] In addition, it is not required that reflecting el- 
ement 30 be highly accurate, provided that it has the 
property of reflecting light in the wavelength band of the 
multiplexed light. 

[0095] More specifically, the transmission wavelength 
characteristics ol the AWG have a temperature depend- 
ence of 0.01 3nnV *C, for example. Accordingly, when 
employing an AWG as optical multiplexing element 24 
without performing temperature compensation, if the 
temperature during use changes 50°C, then the trans- 
mission wavelength of the AWG parallel shifts 0.65 nm 
on the wavelength axis. In other words, the wavelength 
of the excitation light (multiplexed light) obtained from 
optical multiplexing element 24 changes 0.65 nm. 
[0096] In an EDFA, as shown in Figure 1 2, the wave- 
length width of the excitation light which can be used is 
relatively broad. Thus, in the case of excitation with mul- 
tiple lasers, this 0.65 nm wavelength shift in the multi- 
plexed light due to a 50°C temperature change is within 
permissible limits for a wavelength band capable of ex- 
citation. In other words, even if the wavelength of the 
multiplexed light changes to this extent, the light signal 
can be sufficiently amplified at the EDFA. 
[0097] In this way, in the above-described multiple 
wavelength excitation optical multiplexing device and 
the multiple wavelength excitation light source incorpo- 
rating this device, it is possible to relax the temperature 
restrictions on the optical multiplexing element. Moreo- 
ver, the wavelength accuracy of structural parts such as 
the reflecting element does not need to be as high. In 
addition, there are a fewer number of parts as compared 
to the conventional structure employing one reflecting 
element per laser. Thus, it is possible to reduce loss and 
part costs, so that the present invention is economical. 
[0098] Moreover, by incorporating this multiple wave- 
length excitation light source into the optical amplifier 
shown in Figures 11 A and 11 B for example, a high out- 
put amplifier can be obtained which is suitable for use 
in a wavelength multiplex mode optical communications 
system. 

[0099] The present invention's multiple wavelength 
excitation optical multiplexing device and the multiple 
wavelength excitation light source have this high output 



as described above. Thus, they may be suitably em- 
ployed not only in the optical communications field, but 
also in the optical amplifiers and their laser excitation 
light sources that are used in optical measurements, la- 

5 ser processing, etc. 

[0100] In the multiple wavelength excitation optical 
multiplexing device shown in Figure 1 A, a device other 
than the AWG described above may be used for optical 
multiplexing element 24. The determination of the oscil- 

10 lation wavelengths of Fabry-Perot lasers 21 a, 22a,, . .23a 
by optical multiplexing element 24 is the same in an op- 
tical multiplexing element other than an AWG. 
[0101] Figures 5 and 6 show another example of an 
optical multiplexing element. This optical multiplexing 

is element is an element with high applicability incorporat- 
ing a Mach-Zehnder optical filter. 
[0102] Figure 5 A shows the basic form of a Mach- 
Zehnder optical filter. This basic form 40 is designed so 
that the area between two optical fiber couplers 41 .41 

20 is connected by first and second arms, which are inter- 
ferometers. First arm and second arm consist of optical 
fibers 3,3, which have different lengths. The difference 
in these waveguide path6 is AL. 
[0103] The typical fusion-drawn product maysbe em- 

2S ployed for optical fiber coupler 41 , for example, in which 
two optical fibers are aligned in parallel, and there are 
two input terminals and two output terminals each which 
are formed by fusion-drawing along the optical fibers. 
[01 04] The operation of multiplexing and demultiplex- 

30 ing the light at basic form 40 will now be explained using 
as an example the case where one input terminal 42 
and two output terminate 43a,43b are set. With regard 
to the unused terminal, it is preferable to subject it to an 
antireflection treatment by the usual method, t 

35 [01 05] Figure 5B is a graph showing the wavelength- 
degree of coupling relationship at basic form 40. The 
degree of coupling expresses the proportion of light in- 
cidenting on one optical fiber that is coupled to another 
optical fiber, for example. As shown by this graph, the 

40 characteristics at which the degree of coupling changes 
periodically with respect to the wavelength are obtained 
at basic form 40 based on waveguide difference AL from 
the first to the second arm. 

[0106] In other words, when light from input terminal 
4S 42 is input, then, in the graph shown in Figure 5B, light 
of a wavelength having a low degree of coupling is out- 
put from first output terminal 43a (first output), while light 
of a wavelength having a high degree of coupling is out- 
put from second output terminal 43b (second output). 
so [0107] The characteristics for selecting the wave- 
length are the same in the case where the input termi- 
nals are reversed For example, conversely to the case 
described above, when light of a comparatively broad 
wavelength is input to first input terminal 43a' and sec- 
ss ond input terminal 43b 1 , multiplexed light divided to first 
input terminal 43a* and second input terminal 43b* that 
is in a narrow band having a specific wavelength is out- 
put from output terminal 42'. 
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[0108] Basic form 40 can be employed as a multiplex- 
ing element for multiplexing two lights having different 
wavelengths respectively. In the case where multiplex- 
ing three or more lights having different wavelengths re- 
spectively, however, basic form 40 has the structure 
shown in Figure 6A, for example. 
[0109] In Figure 6 A, an optical multiplexing element 
for multiplexing eight lights is formed by connecting in 
three stages 2x1 basic forms 40 having two input termi- 
nals and one output terminal, to form a waveguide for 
selectively transmitting lights of eight wavelengths. The 
input terminals of the waveguides are indicated by 44a, 
44b, 44c.. 44d in the figure. 

[0110] In this optical multiplexing element, the two ba- 
sic form output terminals in the second stage are re- 
spectively connected to each of the two basic form input 
terminals in the first stage on their output side, and the 
four basic form output terminals in the third stage are 
each connected to the total of four basic form input ter- 
minals in the second stage. 

[0111] In this optical multiplexing element, as shown 
in Figure 6B. when lights are input to input terminal 
44a,. ..44d, lights of the specific wavelengths A.1, X2, ... 
\8 assigned to the respective input terminal are selec- 
tively transmitted. These transmitted lights are multi- 
plexed and output from output terminal 45. 
[0112] In addition to employing the dielectric multilay- 
er disclosed in the preceding example, it is also possible 
to use a so-called reflecting fiber bragg grating as the 
reflecting element 30 shown in Figure 1 A. 
[0113] In this fiber grating, a perturbation, such as pe- 
riodical changes in the core refractive index or core di- 
ameter, is formed along the length of the optical fiber. 
As a result of the action of these periodical changes, 
characteristic reflection of light of a specific wavelength 
band can be obtained. 

[0114] Figure 7 shows an example ot a method for 
making a fiber grating in which periodical changes are 
formed in the core refractive index. 
[01 1 5] First, an optical fiber 3 is prepared which is pro- 
vided with a central core 3a and a cladding 3b which has 
a lower refractive index than core 3a. Core 3a consists 
of germanium doped quartz glass. Cladding 3b is pure 
quartz glass or fluorine doped quartz glass. 
[0116] The property whereby the refractive index in- 
creases upon irradiation with ultraviolet light of a specific 
wavelength (i.e., the so-called photo-refractive effect) is 
considerable in germanium, which is typically employed 
as a doping agent in optical fibers to increase the refrac- 
tive index. For this reason an optical fiber 3 provided 
with a core 3a consisting of germanium doped quartz 
glass is suitably employed as the material fiber for a fiber 
grating. 

[0117] Numeric symbol 52 indicates a phase mask. 
This phase mask 52 consists of quartz glass etc,, and 
has a plurality of grids 52a formed to one surface at a 
fixed periodic. 

[0118] Next, as shown in Figure 7, phase mask 52 is 



disposed to the lateral surface of optical fiber 3 so that 
the surface on which grids 52a are formed faces optical 
fiber 3. Ultraviolet light is then radiated onto the lateral 
surface of optical fiber 3 via phase mask 52. 

s [0119] As a result, +1 order diffracted light and a -1 
order diffracted light are diffracted by grids 52a.. . to gen- 
erate interference fringes, thereby forming an intensity 
pattern for the ultraviolet light. As a result, the refractive 
index of the portion of core 3a which generated these 

10 interference fringes changes, and the intensity pattern 
of the ultraviolet light is copied onto core 3a as semiper- 
manent refractive index changes. In this way, a grating 
portion 53 is formed in which periodical changes in the 
refractive index of core 3a are formed along the length 

is of optical fiber 3. 

[0120] Since it is necessary that the fiber grating cover 
the entire oscillation wavelength region for a plurality of 
lasers, for example, it is preferable that the grating have 
relatively broad reflection wavelength characteristics. 

20 [0121] Accordingly, a so-called chirped fiber grating 
having a broad reflection wavelength band is desirable. 
The periodic (referred to as grating pitch) of the period- 
ical change is not constant, but rather changes, along 
the length of the optical fiber in a chirped fiber grating. 

25 For example, a design has been disclosed in which the 
grating pitch is narrowest around the center of the grat- 
ing portion, with the grating pitch gradually broadening 
toward either end of the grating portion. 
[0122] In the example shown in Figure 7, for example, 

30 the grating pitch can be adjusted by changing the peri- 
odic of grid 52a. 

[01 23] In addition, the characteristics of the fiber grat- 
ing such as its reflection coefficient, the reflection wave- 
length band, etc., are suitably adjusted based on the 
35 characteristics demanded. The characteristics of the fib- 
er grating can be varied by changing the grating pitch, 
the amount of change in the grating pitch, the grating 
length, the amount of change in the refractive index, and 
the like. 

40 [01 24] Figure 8 shows another example ol the present 
invention's multiple wavelength excitation optical multi- 
plexing device and a multiple wavelength excitation light 
source employing this device. 

[0125] In the figure, the numeral 63 is a polarization- 
4S preserving optical coupler. Fabry-Perot lasers 61 ,62 are 
connected via light fibers (pig-tail) 3,3 to the two input 
terminals 64,65 of this polarization -preserving optical 
coupler 63. A reflecting element 30 is inserted on the 
output side of output terminal 66 to optical fiber 3, which 
so is connected to the output terminal 66 of polarization- 
preserving optical coupler 63. In other words, in this ex- 
ample, a multiple wavelength excitation optical multi- 
plexing device is formed from polarization-preserving 
optical coupler 63 and reflecting element 30, and a mul- 
ss tiple wavelength excitation light source is formed by con- 
necting Fabry-Perot lasers 61 ,62 to this device. 
[0126] The typical fusion-drawn product may be em- 
ployed for polarization-preserving optical coupler 63 in 
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which two polarization-preserving optical fibers are 
aligned and there are two input terminals and two output 
terminals each formed by fusion-drawing along the op- 
tical fibers. In this example, it is preferable to perform 
an antireflection treatment to one of the output terminals 
by the usual method. A PANDA polarization-preserving 
optical fiber or the like may be used as the polarization- 
preserving optical fiber. 

[01 27] When, for example, X polarized wave light (Xx) 
and Y polarized wave light (Xy) having identical wave- 
lengths are input to respective input terminals 64,65 in 
polarization-preserving optical coupler 63. then multi- 
plexing is carried out while preserving their polarization 
states, and multiplexed light (Xxy) that includes X polar- 
ized wave light and Y polarized wave light are output 
from output terminal 66. Conversely, when the multi- 
plexed light of the X polarized wave light and Y polarized 
wave light are input from output terminal 66, then the X 
polarized wave light and the Y polarized wave light are 
demultiplexed at input terminals 64,65 respectively. 
[0128] Accordingly, When X polarized wave light and 
Y polarized wave light which have specific wavelength 
widths are each input from Fabry-Perot lasers 61,62, 
these lights are multiplexed at polarization-preserving 
optical coupler 63, reach the reflecting element 30 that 
is inserted in optical fiber 3 from output terminal 66, and 
are reflected. This reflected light incidents from output 
terminal 66 onto polarization -preserving optical coupler 
63, and X polarized wave light and Y polarized wave 
light are demultiplexed at input terminals 64,65. As a re- 
sult, X polarized wave light and Y polarized wave light 
of a specific wavelength are output from Fabry-Perot la- 
sers 61 ,62. Thus, multiplexed light is obtained from out- 
put terminal 66 which has the same wavelength as the 
wavelength of the reflected light from reflecting element 
30, and which is provided with a light power that is the 
total of the X polarized wave light and the Y polarized 
wave light In this case, as well, a suitable solution can 
be obtained when the reflection coefficient of reflecting 
element 30 is in the range of 2-10%. 
[0129] Figure 9 shows an example of the structure of 
the device for outputting light of a plurality of wave- 
lengths employing a polarization-preserving optical cou- 
pler. 

[01 30] I n this example, polarization-preserving optical 
couplers 63A, 63B, 63C which are identical to the polar- 
ization-preserving optical coupler 63 shown in Figure 8 
are aligned, with their output terminals 66A, 66B, 66C 
connected to input terminals 24a, 24b, 24c of optical 
multiplexing device 124 via optical fibers (pig-tail) 3. 
[0131] Reflecting element 30 is inserted near output 
terminal 24d of optical fiber 3 which is connected to out- 
put terminal 24d of this optical multiplexing device 124. 
[0132] Input terminals 64A, 65A of polarization-pre- 
serving optical coupler 63A are connected to Fabry-Per- 
ot lasers 61 A, 62A. Fabry-Perot laser 61 A is provided 
with the function of outputting X polarized wave light pro- 
vided with a comparatively broad wavelength width, 



while Fabry-Perot laser 62A is provided with the function 
of outputting Y polarized wave light provided with a com- 
paratively broad wavelength. 

[0133] Polarization-preserving optical coupler 63B is 

5 connected to Fabry-Perot lasers 61 B, 62B which are 
provided with the same function as Fabry-Perot lasers 
61 A, 62A. In addition, polarization-preserving optical 
coupler 63C is connected to Fabry-Perot lasers 61 C, 
62C in the same way. 

10 [0134] In this example, optical multiplexing device 
1 24 is an AWG identical to that shown in Figure 2. Light 
of a specific narrow wavelength width is transmitted in 
respective array waveguides 26. For example, in the 
1460—1490 nm excitation wavelength band, the wave- 

is lengths X1, X2, ... Xn of the transmitted lights in these 
plurality of array waveguides 26 are different at each 
specific interval. Specifically, in this example, each 
wavelength interval is set to be approximately 1 .6 nm 
centered about 1 470 nm. 

20 [0135] First, X polarized wave light and Y polarized 
wave light provided with a specific wavelength width are 
input to input terminals 64A, 65A of polarization-pre- 
serving optical coupler 63A from Fabry-Perot lasers 
61 A, 62 A. 

25 [0136] As a result, these lights are multiplexed while 
preserving their polarization states in this polarization- 
preserving optical coupler 63A. The multiplexed light 
output from output terminal 66A is reflected at a low re- 
flection coefficient at reflection element 30 after passing 

30 through optical multiplexing device 124. This reflected 
light is incidented on optical multiplexing device 124 
from output terminal 66A, and passes through array 
waveguide 26 of optical multiplexing device 1 24. As a 
result, light haying a specific wavelength of X1XY which 

3S was demultiplexed at array waveguide 26 is selectively 
supplied to polarization-preserving optical coupler 63A. 
[0137] This light is demultiplexed into X polarized 
wave light ( X1 X) and Y polarized wave light (X1 Y) after 
passing through polarization-preserving optical coupler 

40 63A, and then reaches Fabry-Perot lasers 61 A, 62A 
from respective input terminals 64A, 65A. As a result, 
the oscillation wavelength of Fabry-Perot lasers 61 A, 
62A becomes the wavelength which was demultiplexed 
by array waveguide 26 that is connected to output ter- 

45 minal 66A X polarized wave light (X1 X) and Y polarized 
wave light (X1 Y) provided with this wavelength are then 
outputted from Fabry-Perot lasers 61 A, 62A, respective- 
ly. 

[01 38] In this case as well, a reflection coefficient for 
so reflecting element 30 on the order of 2- 1 0% is suitable. 
[0139] Similarly, X polarized wave light (X2X) and Y 
polarized wave light (X1Y) provided with a wavelength 
demultiplexed at array waveguide 26 connected to X 
output terminal 66B is outputted from Fabry-Perot lasers 
55 61B.62B. 

[0140] X polarized wave light (X3X) and Y polarized 
wave light ( X3Y) provided with a wavelength demulti- 
plexed at array waveguide 26 connected to X output ter- 
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minal 66C is outputted from Fabry-Perot lasers 61 C, 
62C. 

[0141] As a result, light outputted via reflecting ele- 
ment 30 becomes multiplexed light consisting of XI XY, 
X2XY and X3XY light formed by multiplexing X polarized 
wave light and Y polarized wave light. Thus, large power 
can be obtained. 

[0142] In addition to an AWG, a Mach-Zehnder optical 
filter, a Mach-Zehnder optical filter incorporating multi- 
ple stages as shown in Figure 6 or the like may be em- 
ployed as optical multiplexing device 124. 
[01 43] In addition, a reflective fiber grating, a multilay- 
er interference filter employing a dielectric multilayer 
identical to that described above, or the like may be em- 
ployed as reflecting element 30. 
[0144] Also, note that as may be understood from the 
preceding example, 'a plurality of lights that have differ- 
ent characteristics' as employed in the present inven- 
tion indicates various lights having different wave- 
lengths or polarization states. 

Example 

[01 45] The present invention will now be explained in 
greater detail employing an example. 
[0146] A light source identical to the multiple wave- 
length excitation light source shown in Figure 1A was 
prepared. Six light sources each having an output (pig- 
tail output of optical fiber 3 terminal) of approximately 
100 mW were employed as Fabry-Perot lasers 21a, 
22a, ...23a. 

[0147] When this multiple wavelength excitation light 
source was incorporated into the ED FA shown in Figure 
1 1 B, multiplexed light having a power of about 350 mW 
could be input to an erbium doped optical fiber as exci- 
tation light, even if transmission loss occurred at optical 
multiplexing element 24. 

[01 48] In other words, the laser light output from one 
Fabry-Perot laser was damped from about 100mW to 
approximately 58.33 mW due to transmission loss at op- 
tical multiplexing element (AWG) 24. As a result, the 
light output from the six Fabry-Perot lasers forms multi- 
plexed light having a totaJ power of about 350mW. 
[0149] The same results were obtained when the 
equivalent experiment was performed while varying the 
environmental temperature 50°C. 



Claims 

1. A multiple wavelength excitation optical multiplex- 
ing device characterized in the provision of an opti- 
cal multiplexing element that has a plurality of input 
terminals connected to lasers and functions to mul- 
tiplex a plurality of lights that have different charac- 
teristics; and a reflecting element inserted near the 
output side of the output terminal of said optical mul- 
tiplexing element that functions to reflect the light 



multiplexed at said optical multiplexing element at 
a low reflection coefficient. 

2. A multiple wavelength excitation optical multiplex- 
5 ing device according to claim 1 characterized in that 

the reflection coefficient of the multiplexed light from 
the reflecting element is 2—10%. 

3. A multiple wavelength excitation optical multiplex- 
10 ing device according to claim 1 characterized in that 

said reflecting element is a multilayer interference 
filter consisting of a dielectric multilayer. 

4. A multiple wavelength excitation optical multiplex- 
es ing device according to claim 1 characterized in that 

said reflecting element is a reflective fiber grating. 

5. A multiple wavelength excitation optical multiplex- 
ing device according to claim 1 characterized in that 

20 the wavelengths of said a plurality of lights are either 
980 nm band or 1480 nm band. 

6. A multiple wavelength excitation optical multiplex- 
ing device according to claim 1 characterized in that 

25 said optical multiplexing element has the function 
of multiplexing a plurality of lights that have different 
wavelengths. 

7. A multiple wavelength excitation optical multiplex- 
30 ing device according to claim 1 characterized in that 

said optical multiplexing element is an arrayed 
waveguide grating optical multiplexing circuit. 

8. A multiple wavelength excitation optical multiplex- 
es ing device according to claim 1 characterized in that 

said optical multiplexing element consists of a 
Mach-Zehnder optical filter. 

9. A multiple wavelength excitation optical multiplex- 
40 [ng device according to claim 1 characterized in that 

said optical multiplexing element is a polarization- 
preserving optical coupler having the function of 
multiplexing a plurality of lights that have different 
polarization characteristics. 

45 

10. A multiple wavelength excitation optical multiplex- 
ing device according to claim 1 consisting of a po- 
larization-preserving optical coupler in which the 
optical multiplexing element is provided with a plu- 

so rality of input terminals and said coupler functions 
to multiplex a plurality of lights that have different 
polarization characteristics, and an optical multi- 
plexing device having the function of multiplexing a 
plurality of lights that have different wavelengths, 

ss wherein: 

a plurality of said polarization-preserving opti- 
cal couplers are provided; 
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the input terminals of said plurality of polariza- 
tion-preserving optical couplers serve as the in- 
put terminals of said multiple wavelength exci- 
tation optical multiplexing device; 
the output terminal of said polarization-preserv- 5 
ing optical couplers is connected to said optical 
multiplexing device; and 
an optical reflecting element is inserted to the 
output side of the output terminal of said optical 
multiplexing device. 10 

11. A multiple wavelength excitation optical multiplex- 
ing device according to claim 10 characterized in 
that said optical multiplexing device is an arrayed 
waveguide grating optical multiplexing circuit 15 

12. A multiple wavelength excitation optical multiplex- 
ing device according to claim 10 characterized in 
that said optical multiplexing device consists of a 
Mach-Zehnder optical filter. 20 

13. A multiple wavelength excitation light source char- 
acterized in that respective lasers are connected to 
the input terminals of said multiple wavelength ex- 
citation optical multiplexing device according to 2S 
claim 1 . 

14. A multiple wavelength excitation light source char- 
acterized in that a laser for outputting X polarized 
wave light is connected to one of the input terminals, 30 
and a laser for outputting Y polarized wave light is 
connected to the other terminal of said multiple 
wavelength excitation optical multiplexing device 
according to claim 9. 

35 

15. A multiple wavelength excitation light source char- 
acterized in that a laser for outputting X polarized 
wave light is connected to one of the input terminals, 
and a laser for outputting Y polarized wave light is 
connected to the other terminal of said multiple *o 
wavelength excitation optical multiplexing device 
according to claim 10. 

16. An optical amplifier characterized in incorporating 
said multiple wavelength excitation optical multi- 
plexing device according to claim 1 . 
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